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PFAS Generally Not Removed During Conventional Drinking Water Treatment

US (Quinones and Snyder 2009) F’FOAQ |
| W Japan (Takagi et al, 2008, 2011; Shivakoti et al, 2010) A
A UK (Atkinson et al. 2008) iy R

- 100 1 © Australia (Thomson et al. 2011b) i
) § Thailand {(Kunacheva et al. 2010) | y d
= Netherlands (Eschauzier ot al. 2012) v.
b France {Boiteux et al. 2012) 4
= Spain {Flores et al, 2013) ‘ e
& A e 1
- Al o
o - v
gl e
m 0"'@
1 S
2 1 - . ‘
L. : N
kL. i e

Iy

i’ g

v
0.1 + gy T
0.1 1 100
Raw water {(ng/L)

Similar for PFOS, PFHxA and PFHxS
Rahman et al., (2014) Water Research, 50:318-340
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Timeline: US EPA/NERL Water PFAS Efforts

2007 Nakayama et al., PFAS in Cape Fear Watershed

2007-2008 Decatur, AL discovery of PFAS in bio-solids, soil, surface water, groundwater

2009 (January) Provisional Health Advisory (PHA) for PFOA and PFOS established 400 and 200 ng/L
2011-2012 Sampling of Cape Fear River for determination of replacement chemistries

2012 (November) Presentation at SETAC Long Beach CA — Identification of novel polyfluorinated
compounds in natural waters using accurate mass TOFMS (GenX)

2013-2014 Collaborative study with NCSU with sampling of Cape Fear River and three
municipalities (Pittsboro, Fayetteville, Wilmington, NC) for legacy and PFECA determination

2014 (November) Presentation at SETAC Vancouver, BC - Determination of perfluoroalkyl ether
carboxylic acids (PFECAs) and sulfonic acids (PFESAs) in North Carolina surface water using high
resolution mass spectrometry (GenX and eleven other novel chemicals)

2015 (August) Publication of Stgmar et al., “Identification of Novel Perfluoroalkyl Ether Carboxylic
Acids (PFECAs) and Sulfonic Acids (PFESAs} in Natural Waters Using Accurate Mass Time-of-Flight
Mass Spectrometry (TOFMS)” ES&T

2016 (May) OW Health Advisory for PFOS and PFOA set at 70 ng/L

2016 (November) Publication of Sun et al., “Legacy and Emerging Perfluoroalkyl Substances Are
Irgzortant Drinking Water Contaminants in the Cape Fear River Watershed of North Carolina”
ES&T Letters

2017 {June) Reporting of PFECAs in CFR and Wilmington drinking water — Star News Online
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NERL/EMMD Water Analysis Method

Surface Water
Ground Water
WWTP Effluent

Drinking Water

Also methods for:

Soil

Fish tissue

Dosed rodent tissue/fluids
Human Serum/Urine
House Dust
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Some Typical PFAS
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Pour water out
1 L HDPE bottles

of sample bottle
5 mi 1:1 HNO, (35%}:Di for volume
Shipped ambient measurement

Elute for
LC/MS-MS
analysis

Load onto SPE tube
Waters Plus style WAX

Wash bottle with 10 miL
MeOH, add water back
to bottle, add 1§ Shake

Subsample 300 miL
Store 500 mi

Filter entire contents
Whatman GF/A 1.7 um

Add filtered water back into
griginal bottle

All samples
Treated same

way
»  Trip Spike
* Blanks

e  Unknowns
» (alibration
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Water Sampling Cape Fear River, NC
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Haw River
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Cape Fear River
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3.28
1.88
2.26
118
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1.14
1.23
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TABLE 3. Measwed Concentrations at the Eleven Sites with the Highest Total Concentrations of PFCs in the Cape Fear Biver
Basin® (See Figure 1 for locations)

# ltalicized values show maximal concentrations of each compound.

e11 610 ¢s c8 ¢7 6 PFOS
gt} gl {ng/l} {egdt) oo/l o/l dng/ld
245 | 521 1w 19 287 118 217 127 |
VA A |- B BN - B - S
276 toe 157 191 5.2 137  36.4
200 832 151 207 2 132 315
150 196 712 58.6 220 300
887 31.0 721 152 % 135 312
334 132 348 703 240 784 667
63 172 357 715 268 935 504
675 171 380 727 237 705 407
755  19.3 312 468 139 4.62
~L0Q 217 224 126 338 3.23

PFHE PFBS

{ngfld  (ng/L)  total (agfl)
8.43 849 942
787  2.61 626
9.49 3.04 602
7.49 2.88 574
338 ND 531
770 WD 378
553 ND 227
482 ND 223
410 MND 211
684 212 189
264 3.20 185
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. What is the 2010/2015 PFOA Stewardship Program?

E 2006, EPA invited eight major leading companies in the
per- and polyfluoroalkyl substances (PFASs) industry to

join in a global stewardship program with two goals:
*To commit to achieve, no later than 2010, a 85 p

reduction, measured from a year 2000 baseline, in both
facility emissions to all media of perfluorooctanoic acid
hemicals that can break down to
ue chemicals, and

OA), precursor
PFOA, and related t

ther homolog

product content levels of these chemicals.
«To commit to working toward the elimination of these
chemicals from emissions and products by 2015.

Q4. What companies participated in the
PFW& Stewardship Program?
Participating companies included:
*Arkema

*Asahi

*BASF Corporation

«Clariant

eDaikin

*3M/Dyneon

DuPont

*Solvay Solexis

https://www.epa.gov/assessing-and-managing-chemicals-under- 9

tsca/fact-sheet-20102015-pfoa-stewardship-program#what
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Fluoropolymer manufacture

&

ADONA (CAS No. 958445

Solvay's product {CAS No. 328238-24-8)

o
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538 (CAS No. 73806-18-8)

Wang et al. Environment International, 2013, 60, pp 242-248
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Surface Water
Ground Water
WWTP Effluent
Drinking Water

Potential

source Sample 2

HDPE Bottles

Potential
Sourne

Potrential
Sourcs

Strynar et al. Environ. Sci. Technol., 2015, 49 (19), pp 11622-11630 12
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Cmpd

AR 0©O~NO A WN =

m/z
194.9263
174.9502
272.9487
290.9396
119.0345
179.0558
340.9372
324.9428

248.961
112.9856
1033.987
340.9376
118.9927
162.9821
1083.984

RT
0.31
0.32
0.35
0.37
0.37
0.38

0.4
0.41
0.42
0.42
0.43
0.49

0.5

0.5
0.51

Effluent Peak Area Upstream Peak Area

1277673 NA
128095 NA
893478 NA

82068 NA
56430 NA
51910 NA
1961449 NA
75414 NA

235520 NA

9963533 NA
185007 NA
847790 NA
242003 NA

1382091 NA

14125 NA

Hundreds of Features of Interest

14

ED_005565_00007681-00014



1600 .
Adducts + .
19 # Fragmeﬂts + - ®
i ) Dimers/Trimers "
& H
3]
S 800 |
= Homologous Series
400 - . .
: et .
0 2 4 .

15
Retention Time

ED_005565_00007681-00015



5 g
10" 5
1.8+ P
1.4
(328.9872) 1
656.9420) - o il
(658.9420) 0.6 B _
(680.9251) o . _ B |
.44 o - Cirmer o +Ma + Trimer i
Tk 5 | T
G 3 = (9] m :,:2:
U' 4 é 4 l R [ + 13 |4 L] 5 E) 4 £ 4 ¥ T 3 1 + 1
140 200 300 400 500 guo g g0g aaa 1000 11100 1200 13200 1400
Counts vz, klas s-to-Charge {mfz)

§,
wof
e,

) ] ) 3 L] ] 4 L] 1 L] 1 ] ¥ L] 3 I‘E@
1.5 2 2.5 3 3.5 4 4.5 ) 5.5 6 6.5 7 7.5 8 8.5

Normalized lon Abundance (%) vs. Acquisition Time (min)
ED_005565_00007681-00016



+CF2
~

Q("l'ia .9773) NL: (178.9773) - 2.5e6

(228.9741) | 575 9700) NL: (228.9741) - 9.0e4
| NL:(278.9709) - 4.8e4  Absolute lon Intensity

N
o
i
g
S
¥ r
5 3 oo Rne, 8 oot oo, PR Broos AR e eo T ROR
& 3 .
§E g
; 55 i
..

5 3 25 3 35 4 45 5 55 & 65 7 75 & 85 17

Normalized lon Abundance (%) vs. Acquisition Time (min)
ED_005565_00007681-00017



12.0000

18F
18.:8884

124

, -0.01 15.9949
Negative Mass

Defect

0.3 309738 31 9721

~0.05

-03.07

-(3.08
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Mass Defect

* Effluent

* Upstream

High Priority Species:
Unique to Downstream,
Likely Fluorinated

0 2 4 6 19
Retention Time
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First Sampling 2011-
2012

Presented at SETAC
2012

Follow-up sampling
2013-2013

Presented at SETAC
2014

w
e
i,
D
QL
3
ni.
O
2
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Water Intake

Current
Outfall

Former
Outfall

ED_005565_00007681-00021



Legacy PFAS found in Cape Fear Water

Analyte 001 002 003 004 005 006 007 008 008 009
Cc4 23 502 3761 6 4 0 8 7 5 3
C5 441 5607 43580* 17 9 1 32 46 12 9

PFBS 4 5 3 4 5 2 9 5 6 4
Cc6 17 90 434 18 12 2 27 16 18 14
c7 37 599 3873 14 17 0 11 20 21 9

PFHS 7 12 10 9 7 4 9 10 9 22
8 32 39 71 33 25 2 38 36 41 18
9 13 34 127 7 11 1 6 8 11 5

PFOS 19 27 26 17 23 0 0 16 18 14
C10 10 17 12 11 0 3 3 8 10 5

items in red exceed the standard curve high end of 500 ng/L; 10x diluted and re-analyzed; * still exceed curve and are estimated
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November 2015

prsbr s orgiest

Identification of Novel Perfluoroalkyl Ether Carboxylic Acids (PFECAs)
and Sulfonic Acids (PFESAs) in Natural Waters Using Accurate Mass
Time- of~F|§ght Mass Spectrometry (TOFMS)

Mark Strynar,®’ Sonia D‘awmno, " Rebecca Md\iahnn, "xhuang Lmn@ " Andrew Lmdxtrom,
Frik Andmscn Larry MeMillan,¥ Michael ihmman Imma Ferrer,! and Carol Ball*

Table 1. Accurate Mass of Polytluorinated Compounds and In-Source Artifacts Found in Extracted Water Samples

. M our _ 2v - B
number formula A% no, name im miz D280 2H + Mal /s miz

Monoether Pl‘ELA»

i 1799846 09438

z 4809372

3 ) S63(M0-89-5 AR T

4 HE O, 13252.138 undecatheoro-Zemethyl 3. oxaliesanolr acid BELG247

5 L S 1 ATOHTLS 7 TROMINZ

6 CGHE Oy 429.96836 4289613 80,9118

Polyether PFECAs

7 C-HE O A9z01-6 perfluore-3,5,7 9,1 L-pentavxadodecaniic 439515 $42.9442 GOR.8TTE
actd

8 CHE O, 30492905 perfheore-3,5,7 9-bataoxadecanos acid 3779598 3769528 FT6.8942

i 0 HE O A492.89-2 perfiuore-3,5, 7 propaoxsoctancic acid 31196818 310.9608 419108

1y CHE, 39493581 perflvore-3 5-diosahexanoic acid 2459764 2449691 5129274

PEESAS

i {LHEOG G6T96-30-3° 4439337 44292064

12 CaHaH 008 4639399 4629326

3549610
4359553
3589491
6389427
THR8363
HSRDIOY

808957

7349123
$622.9280
490.9455

Example Structures

~: Monoether (6):
GenX

Polyethers
sulfonates (2);
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Cape Fear River
Fayetteville to Wilmington, NC

MOST POPULAR

y Yaughn Honerly Stardowy Coorpspumdent

DUR PICHS

Ultdfiry van's filver out chemdea! produced upriver
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November 2016

:v,'if'”'.j'iat&FShEd of

m*th €aral na

Met Sun,™ ™" Elisa Arev "kﬁm 4 - Mark %ﬁrnﬂ’n Kmium me_%tz‘mm, Michael Richardson,! Ben Kearns,
Adam Pickett,” Chris Smith,” and Detl of R. U. Knay

|

June 7, 2017 story on in Wilmington Star Online News basis
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PFPrOPrA

Community A
n=127
Community B
n=4s

Community C

0 G 400 600 800
Average concentration in drinking water source (ng/L)

Figure 1. Occurrence of PFASs at drinking water intakes in the CFR
watershed. Concentrations represent averages of samples collected
between June and December 2013. Individual samples with
concentrations below the quantitation limits (QLs) were considered

QLs were not plotted.

Sun et al., 2017
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PFAS removal at Sweeney WTP

4

(a)

Raw water
Pre-ozone effluent
Settled water |

|

Settled-ozone effluent \

BAC effluent

Finished water

i,

0 100 Em 300 400 500 60 FOU BOO

Concentration of traditional PFASs
ata WTP in Community C {ng/1)

8 PFPrOPrA PFBA @ PFPeA PFHxA “ PFHpA
w PFHS mPros

Sun et al., 2017
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(b) Raw water |

!
iH
Pre-ozone effluent §

Settled water |

|
Lettled-ozone effluent

!
E ;

BAC effluent 1§

Finished water

i

200,000

0 50,000 150,000 250,000

Peak area counts of emerging PFASs
ata WTP in Community C

PFMOPrA
PFO4DA

100,000

PFMOBA

| PFPrOPrA
PFO2HxXA

K a, EE . e)
f! ™, w:::if;ﬂ \‘.\ v{f

;w,
b s F

PEMOAA

pEpOPea (GenX)

Other PFECAS
Sweeney WTP

. .
f;yi!»\\& F L

S
=

PEOZHYA
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Sulfonyl Fluorides

CAS 697-18-7 LegaCyF ¢ Vinyl Ethers

F F
CAS 335-67-1

F PECA

DAS 1049843 5
9) Cas ip7.onn

—Q0
0 O/S\\/ CAS 3825-26-1
F ./ F APFO
0
S F F
/ -
o 5 o
FF F

F.'
F . Fcas  18080-14-5

F CAS 1623058 F
SN
F o
O:Z<F CAS 677-67-8
. CAS 4089-58-1
F
F F
F F F

DUPONT FAYETTEVILLE PLANT 29
ii?é#‘é&.‘t‘ﬁ?%’é@%%"f%& hiip:/fiaspub.epa.govienviro/tsca.get_chem info?v_registry id=110000559609
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e an intermediate used in industrial organofluorine chemistry
HFPO « a monomer for flucropolymers.
= CAS  428-59-1 : :
= e colourless gas is the epoxide of hexafluoropropylene
F « produced by DuPont and 3M and as a precursor to the
lubricant Krytox and related materials
F 0 e generated by oxidation of perfluoropropylene, e.g. with
F oxygen as well as other oxidants

F F
F Common Analyte F
i F - NH,*
F o O 4

F‘
" F F—/\ko
F——F
F
F——F GenX
- F
HFPO-DA e CAS 62037-80-3 30

CAS 13252-13-6
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CAS 1682-78-6 +

)Q( i CAS 2062.98-6 CAS 10493-43-3 \%\ CAS 2062-98-8
CAS 2927-83-5° % ‘CASHB? 93-5

Acid Fluorides Polyvinyl !Ether
Intermediates

Head-(CF,),(CF,0), -Head
Polyvinyl Ether

31

ED_005565_00007681-00031



» Nafion is a sulfonated tetrafluoroethylene based fluoropolymer-copolymer.

 proton conductor for proton exchange membrane (PEM) fuel cells

e e )7 — 1 0
F No&‘: Fa_ o Y
F

F ~_
FC‘? Z CF, /S \\“o
CAS 116-14-3 CF3 HO

CAS 66796-30-3

CAS 16090-14-5

32
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o)

Relative Response {9

BEMOAA

.........................................................

= Chernonirs Qutfall 002

e \02 R ev

z 4 é
Sampling Weak

6 weeks mid June — early August

/S/F
0O F
O/ F F

g £ E o  Nafion BP1
Ho’?S( F CAS 29311-67-9
# O
-
O
N
HO F Nafion BP2
F " CAS 749836-20-2
SRR
T O)g{
F F
"

34

ED_005565_00007681-00034



35

ED_005565_00007681-00035



Incompatible Fragments?
Mixed Isomer?

. /\
9 F
{l e F
o""s"\‘-o F>ZLO F - F F 0 ]
79.9581 O 1169963 F g = O S-0
o‘g"\'o / 134.9845 F O
98.9567 / - /,}_76,9453 Formula: C,H,F;0,S
ol l/ - [M-H]-: 296.9473Da |
! . L \

70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Counts vs. Mass-to-Charge {(m/z)

4 5 6 7 8 9 36
Counts vs. Acquisition Time {min)
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6
3.51x10 | (296.9499)

3..

251

2.-

1 5- +CF2
— +CB,TWO Isomers

1- 69472 (396.9409)

0.5 _ A
-

1 2 3 4 5 6 7 8 9 37
Three Isomers counts vs. Acquisition Time (min)
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T E Molecular Formula: CyHF,,0.5
6 O)\{a [M-H}- 396.9408 Da
3.54 x10 5 (296.9459) F
T 96.9910

e
e

s

3-

e an e TiG e vh van vhe ien T ha o0 T e o o wan B0 e Vo vk ne o NTe e WA0HAC 30 N 550 e e wee ei0 Ade 35 ad ke s

F F

21 F o
rel F F¢o F e Py M
216.9913 X(
1.5 £ F Vs

Two Isomers | 1309937

} Molecular F{;rmula ..hH F.0.8
i £ F £

e S F FFEF
1- 396.9409 Fooosl ] o ' [M-H}- 396 9409 Da
(346.94) ( ) s geo Qi% ?‘HL“%

e SO, H ; F F i
057 ﬂ 83@515 ; j 1469872 _196.9834 i

TR GED S50 300 ST 330 330 348 50 3O I Ak 0 40 4

o
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1 2 3 4 5 6 7 8 9 38
Counts vs. Acquisition Time (min)
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x105

0.8
0.6
0.4
0.2

x105

1.2

0.8
0.6+
0.4
0.2

-E8| EIC(406.9584) Scan Frag=80.0V WorklistData21.d

\
\

\

48 5 52 54 56 58 6 62 64 66 68 7 72 74 76 18

-ES8I EIC(426.9657) Scan Frag=80.0V WorklistData21.d

RS N

48 5 52 54 58 58 6 62 64 66 68 7 72 74 76 78
Counts vs. Acquisition Time (min)

406.9587
C8HF1304
2.05 ppm . O
[+)
97.81% score HO
74
407.9616 O F
|

406 407 408 409 410 411

Counts vs. Mass-to-Charge (m/z)

F
426.p648 .
C8H2F14 04

2.25 ppm F

97.37% score HO

O

427.9675
J 431.2168

412 413 414 415 416 417 418 419

425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442

Counts vs. Mass-to-Charge (m/z)
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Incompatible Fragments?

Mixed Isomer? Q. oH o o
Ff F s OH
FF T\ 296.9488 F Fow-
Rl KR
= = e F F F {ij F \\\“m F | O -
P iﬂs Fo g o° O
C F“\G ) ]“‘;S O ‘ 8 OH
F7e~F N FFO Molecular Formula: CgH,F,0,S
10 y T coed o g ! i
\340.9366 g5 0061 145.98568) 1769471 EE[M-«H]«. 340.937157 Da
I L e L ! |
40 &0 BO 100 1200 140 160 180 200 290 240 280 280 300 320 340
+ C2F 4 . Counts ve, Mass-to-Charge {mifz)
440.9302
+C2F4 5409238 A
j

2 40

T 111213141516 17 18 19 5 21222324 2526272829 3 3132 33
Counts vs. Acquisition Time (min)

02 0304 0506070809
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\ 340.9366

Incompatible Fragments?

Mixed Isomer? e F
F
| ~ E F QO
F F—‘;‘gs F F F | 4 =
’ FO © o Th O
PN N FF EO Fo
F iﬁ? F '?‘12.953&} ”f/.

1458868 1789479

£8.9961

340.9364

0
5 -OH O

% Y 96,9468 = EE S:
a - F | O
Fms ,2:(0 _F

Molecular Formula: CiH,F,0.S
[M-H]}-: 340.937157 Da

|

+C2F4 4

&0 80 100 120 140 180 180 200 200
Counts ve, Mass-to-Charge {mifz)

440.9302

emm—
g

+C2F4 5409238 A

20 240

F7N\_F Nafion Monomer Precursor
f§<F CAS 4089-58-1

41

02 0304 0506070809

Counts vs. Acquisition Time (min)

T 111213141516 17 18 19 5 21222324 2526272829 3 3132 33
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2011

2012

2014
2015

2017

Date
11-4-11
1-26-12
2-1-12
2-9-12
5-4-12
5-4-12
11-24-14
5-12-15
5-12-15
8-6-15
5-12-17
6-20-17
6-27-17
7-4-17
7-11-17
7-18-17
7-25-17
8-3-17

| 296.9473

-

346.8472

x

#®

396 9409

06.9504 426 9687

0”7

Formula: C,H,F.,O,S
[M-H]-: 296.9473 Da

3409372

be

®

#®

440.9302 540.9238

be

®

x
*

X
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Date 296 9473 346 9472 396 94009 060584 4269667 | 3409372 440 9202 540 9258
2011 11-4-11 W ¥ v W \ x ® x
1-26-12 v % 5 v ~ M N .

2012 2-1-12 * « \
F F F
2-9-12
5-4-12 x x .
5-4-12 x x x
2014 11-24-14 x % %
2015 5-12-15
8-6-15 «

2017 5-12-17 s x e % v

7-4-17 ¥ v F Formula: C;H,F,,0,
[M-H]-: 426.9657 Da

Formula: C,HF,,O,
/ F [M-H]-: 406.9595 Da
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2011

2012

2014
2015

2017

Date
11-4-11
1-26-12
2-1-12
2-9-12
5-4-12
5-4-12
11-24-14
5-12-15
5-12-15
8-6-15
5-12-17
6-20-17
6-27-17
7-4-17
7-11-17
7-18-17
7-25-17
8-3-17

296 9473

-

346.8472

x

#®

396 9409

4069594 2 426 96867

Formula: C,H,F.,O,S
[M-H]-: 340.9372 Da

| 340.9372

440.9302 540.9238

be

®

%

*®

X
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